
IX. EARTHQUAKE SAMPLING (Revised 8/21/01 ) 
 

A. Introduction   
 The bridge unit has pretty much drawn a line right down Route 141 with 

everything to the east of 141 and including 141 requiring earthquake 
samples.   We need 1 to 2 holes per structure. 

 
 B.  Sampling Procedure  
  3" Sample  2.5' 
  Split Spoon  1.5' 
  Clean Out to 5' Soil 
  3" Sample  2.5' 
  Split Spoon  1.5' 
  Clean Out to 10' 
  3" Sample  2.5' 
  Split Spoon  1.5' 
  Clean Out to 15' 

Use the above sampling procedure to a minimum of 50 feet.  If the soil 
becomes too hard for undisturbed sampling or sand is encountered, 
continue penetrating every 5' to a minimum depth of 50 feet.  The depth 
should be increased if loose sands or soft cohesive soils are encountered.  
Samples should be taken from the penetrations.  Water tables are 
important.  This sample hole may also count as a bridge boring since you 
are penetrating.  

 
 C.   Samples Needed 

1. Qu- needed for undrained shear strength and allowable bearing 
 -one per layer.   

   Soil (typically 3" diameter and 8" minimum length). 
   Rock (typically 2" diameter and 5" minimum length). 
  2.   Moistures-one per layer, may be taken from split spoon (minimum 

100g). 
  3.   Atterberg limits-one per layer, may be taken from split spoon 

(minimum of about 500g). 
  4.   Direct Shears-needed for wall design- one per layer (typically 3" to 

5" diameter and 6" minimum length). 
5.   Gradations-one per layer for silts, sandy, and gravelly soils.  

Additional samples are necessary if the stiffness in the case of silts 
or density in the case of sandy soils changes.  Sieves commonly 
used are 3/4",3/8",No.4,No.10,No.16, No. 40, No. 50, No. 100, and 
No. 200.  (Normally a 1000 grams is required, but since the normal 
procedure is to obtain samples with a split spoon, 400g is 
acceptable.) 



 
 D.  Reporting 
  1. You may use regular bridge logs if you are not concerned with 

liquefaction. 
   a. Report Poisson's ratio in cover letter as published in 

FHWA/RD-86/102 Seismic Design of Highway Bridge 
Foundations.  

    i. 0.45 for CL, CH, and ML 
    ii.  0.35 for sand 
   b. Report % Passing the # 200 sieve for English units or 75um 

(micro  meters) for metric. 
    Ex.          Soil Classification Test Data 
    Depth, m   LL  PI    ASTM Class % Passing # 75um 
 
   c. Report horizontal acceleration due to gravity as published 

in the most recent AASHTO Standard Specifications for 
Highway Bridges.  (St. Louis is 0.1g). 

 
2.  If liquefaction is a concern, use earthquake summary sheet form 

(see Appendix  E) and the program LIQUFAC (1991)  
Liquefaction is a concern when you have cohesionless soils such as 
sands and some silts. 

 
   a. Dr= Relative Density (for sand or gravel only) 
    DM 7.1 –87 or FHWA/RD-86/102, page 19 
     
   b. Undrained Shearing Strength (U.S.S.) kPa or pcf (for 

cohesive soils only) 
U.S.S. = Qu/2=Torvane (for split-spoon or very stiff to 
hard cohesive samples determine Qu using pocket 
pentrometer and divide by 2) 

             
 



Liquefaction 
 

c.   Earthquake induced Shearing Stress Ratio    (CSR)- Ri in LIQUFAC program 
 

Shear Stress Tav =(0.65 x Amax x γt x H x rd)/g             Eq. 2 FHWA/RD-86/102 page 28 
 

Amax = max acceleration at ground surface (usually 0.1 to 0.3g) 
γt = total unit weight of soils 
H = depth to middle of soil layer 
rd = stress reduction factor For depths less than 12 m “Seed and Idriss” average values may be 
used. Alternatively rd = 1 –0.015 z (Iwasaki et al. 1978) may be used.  z = depth in meters or 
                    rd = 1 –0.00457 z   z = depth in feet,  rd usually 0.8 to 1.0 
g = acceleration due to gravity (usually taken as 1.0 g) 
 
Usually the normalized stress ratio or Earthquake induced Shearing Stress Ratio CSR = 
Tav/σv’ is used in all calculations. 

 
σv’ = Effective Overburden Pressure  =  γ’ x H   

H = depth to middle of layer 
γ’   =  γt - γw 

 
Earthquake induced Shearing Stress Ratio (CSR) 
 
CSR = Shear Stress    =                        Tav     Eq. (8-3b) FHWA-SA-97-076 p. 117 
    Effective Overburden Pressure         σv’ 
 

d. Resisting Stress Ratio (R. S. R.)  Rf in LIQUFAC program 
      Found from correlating spt blow counts to charts  
      Note FHWA calls the Resisting Stress Ratio CSR and this is confusing.  We prefer RSR 

     
Corrected Blow Count For Sand 
 (N1)60 = CnN60 

Cn = constant to normalize the effects of overburden pressure 
Cn From FHWA-SA-97-076 Figure 57, page 120  
     Or    Cn = 9.79 (1/σv’)1/2 kPa   or Cn = 1.415 (1/σv’)1/2 ksf   (Liao & Whitman 1986) 

 N60 = Spt blow count corrected for automatic hammer energy 
 For (N1)60 > 30 Liquefaction Not applicable 
 
From Figure 58 FHWA-SA-97-076 page 121 
With magnitude of Earthquake given (7.5) 
Resisting Stress Ratio = CSRm = 7.5  or RSR from Figure 58 
       

e. Factor of Safety for Liquefaction (F. S. Liqu) 
   Fs=RSR/CSR  = Rf/Ri      
   CSR = Ri = Earthquake induced shearing stress ratio  
   RSR = Rf = Resisting Stress Ratio  



 
    

 
f. Gmax (kpa or tsf) = Maximum Shear Modulus 

Low strain dynamic shear modulus measured at shear strain 
amplitude of less than 0.001 % however shearing strains due to 
earthquakes range from 0.01 to 0.5 % and may reduce Gmax by 
0.9 to 0.2 Gmax 
  

    Gmax can also be attained from correlations of overburden 
    stress or from standard penetration tests. 
 
    Gmax  = 240N60

0.8         (kip/ft2.)  Ohsaki & Iwasaki 1973 
    Gmax  = 12,000N60

0.8  (kPa) 
 

Reliability of such coorelations are low and it is preferable to 
determine Gmax in the field.  The Seismic Cone Penetration Test 
is used to determine the Shear velocity(Vs). Gmax may then be 
determined by the following equation Gmax  = ρVs2

     
   g.  Vs (m/s or ft/s) = Shear Velocity 

S or shear waves cause shearing deformation in a material during 
seismic events.  Shear waves can be measured directly with a 
seismic cone penetration test or by crosshole tests.  Shear wave 
velocity can be calculated from the shear modulus G.  
 Vs=Square Root (Gmax/ρ ),   

 ρ=soil density or from correlations to standard 
penetration tests.   ρ = γt / g 
 

The LIQUFAC program uses the coorelation of shear wave 
velocity with SPT and effective verticle stress (Figure 4) to 
determine the shear wave velocity. 
 

   h . G (kPa or tsf)= Shear Modulus reduced due to seismic event.  
Shear modulus is used in calculating stiffness values for footings.  
As the shear strain of the soil increases during seismic events, the 
shear modulus decreases.  LIQUFAC uses the equation 

 
    γcyc = 0.65 x Amax x σ’o x rd / [g x Gmax x (G/Gmax)]   
    γcyc = cyclic shear strain 
    Remaining terms previously defined 
 
    And the coorelation of G/Gmax vs. Cyclic Shear Strain (Figure 

8) to calculate the cyclic shear strain and G/Gmax ratio using 
iterations.  Once the G/Gmax ratio is know the Shear Modulus or 
G may be calculated 



  
    The shear modulus may also be calculated from seismic response 

analysis programs such as SHAKE91. 
 

i. Es (kPa or tsf) = Youngs Modulus of Elasticity Es can be 
obtained from cone penetration tests and/or flat plate dilatometer 
tests, or calculated if the shear modulus and Poisson's ratio are 
known.  

                                        
Es = 2(1+υ)G       
    
G = shear modulus      
    
 v= Poisson's ratio 
 
v  = 0.45 for cohesive soils 
   = 0.35 for cohesionless soils 
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